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bud formation, septin binding to the inhibitory domain of cell cycle regulation in animal cells has been identified,
but given that Nim1-related kinases are present in mam-Hsl1 liberates the catalytic domain from autoinhibition,
thus activating the kinase. Active Hsl1 is then free to mals, a mechanism analogous to the checkpoint path-
ways involving Hsl1 in budding yeast may link septinrecruit Hsl7 and Swe1, thus signaling proper assembly
of the septin ring and allowing cell cycle progression organization to mitosis. Perturbation of this mecha-
nism—such as through the documented fusion of septin(Figure 1A).
Many additional questions are raised by the current genes to oncogenes (Kartmann and Roth, 2001)—may
lead to oncogenesis and other aberrations of cell divi-findings of Hanrahan and Snyder. For example, is Hsl1
activation dependent on a specific septin state during sion. Dissection of the septins and their regulators in
yeast continues to set the stage for understanding orga-bud emergence? Sophisticated cell biological approaches
have led to the discovery that septins can exist in dy- nization and regulation of this important family of pro-
teins at the molecular level.namic (fluid) and stable (frozen) states (Caviston et al.,
2003; Dobbelaere et al., 2003; Longtine and Bi, 2003).
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nents of clathrin coats assembled at the plasma mem-
brane are clathrin and the adaptor protein complex
(AP-2). Clathrin is composed of three heavy and three
light chains, and AP-2 is a tetramer consisting of , 2,2,
and subunits. Based on current models, coat assemblyClathrin and the adaptor protein complex (AP-2) con-
starts with the recruitment and oligomerization of AP-2stitute the major coat components of clathrin-coated
at the plasma membrane, and is followed by the recruit-vesicles. In the September issues of the Journal of
ment of clathrin, whose assembly drives formation ofCell Biology and the Journal of Biological Chemistry,
coated pits and coated vesicles. Simultaneously, AP-2three reports reveal that AP-2, while essential for inter-
interacts with sorting signals in the cytoplasmic domainsnalization of transferrin, is not essential for internaliza-
of membrane proteins destined to become cargo intion of EGF. These novel data suggest the intriguing
the coated vesicles. Thus, AP-2 has a dual role, as a scaf-possibility that the major role of AP-2 is in cargo re-
fold protein for clathrin assembly and as a recruiter ofcruitment, and not in assembly of functionally active
a cargo.clathrin-coated pits.
Use of small interfering RNAs (siRNAs) to specifically
silence genes in mammalian cells has made it possible
Clathrin-coated vesicle formation at the plasma mem- to examine what happens to endocytosis when clathrin
brane is the initial step in the process of clathrin-medi- and AP-2 are not present. The reports by Motley et al.
ated endocytosis by which cells internalize receptors, (2003) and Hinrichsen et al. (2003) used siRNA in HeLa
transmembrane channels, transporters, and extracellu- cells to deplete the clathrin heavy chain. Concomitantly
lar ligands such as hormones, growth factors, and nutri- with depletion of the heavy chain, there was also reduc-
tion in cellular light chain concentration, indicating thatents. In nerve terminals, clathrin-mediated endocytosis
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free light chains are not stable in cytosol. Clathrin deple- cells was observed by immunofluorescence. Importantly,
subcellular fractionations did not detect any changestion had little effect on the intracellular concentrations or
in AP-2 distribution, demonstrating that AAK1 did notdistributions of other endocytic proteins such as epsin,
induce sequestration of AP-2 into the cytosol. The au-Eps15, CALM, and dynamin. Not surprisingly, both labo-
thors concluded that inhibition of Tfn uptake was dueratories report potent inhibition of transferrin endocy-
to the ability of AAK1 to form a complex with AP-2,tosis.
which in turn alters functional characteristics of AP-2The same potent inhibition of transferrin internaliza-
and prevents it from clustering in clathrin-coated pits ontion was observed in cells depleted of AP-2. While Mot-
the plasma membrane. No change in clathrin distributionley et al. knocked down the 2 subunit, Hinrichsen et
was observed in cells overexpressing AAK1. Becauseal. used siRNA against-adaptin. In both cases, removal
knockdown of AP-2 by RNAi or its inactivation throughof one subunit significantly reduced the level of the
interactions with AAK1 could rule out that a sufficientother, diminishing the level of functional AP-2 com-
amount of AP-2 was present at the plasma membraneplexes in the cell. As expected, both laboratories re-
to promote clathrin assembly and thus EGFR internaliza-ported that AP-2 knockdown had a profound effect on
tion, the authors suggested that AP-2 is not stoichiomet-membrane association of clathrin. A morphometric anal-
rically required for the assembly of clathrin-coated pitsysis by Motley et al. showed a 12-fold decrease in abun-
at the plasma membrane (Conner and Schmid, 2003;dance of clathrin-coated pits, whereas Hinrichsen et al.
Motley et al., 2003). Thus, its major function in endocyto-report an almost complete lack of peripheral clathrin-
sis is in cargo recruitment.coated membrane profiles. In contrast, numerous
These novel findings raise several important issues.coated structures were still present in the Golgi region.
While AP-2 does promote the majority of clathrin associ-Together, these results clearly demonstrate the impor-
ation at the plasma membrane, it is clearly not an essen-tance of AP-2 for the stable plasma membrane associa-
tial structural component of the coat. Whether AP-2 istion of clathrin. Once again, transferrin internalization
dispensable for formation of functional clathrin-coatedwas dramatically inhibited, the expected finding given
vesicles in mammalian cells still remains to be demon-the well-documented AP-2 requirement for the uptake
strated. S. cerevisiae can carry out most of its clathrin-of cargo proteins with YXXφ-type sorting signals such
mediated trafficking even when all three of its AP com-as the transferrin receptor.
plexes are absent (Huang et al., 1999; Yeung et al., 1999),The surprise came from the finding that removal of
and this may well be the case for mammalian cells.AP-2 had no effect on EGFR internalization, despite the
Regardless of the answer, the new data imply that therepresence of the YXXφ consensus sequence in its cyto-
must be other proteins in the cell that can fulfill theplasmic tail. The same was true for internalization of
role that has always been assigned to AP-2. Traub andthe chimera between extracellular and transmembrane
colleagues have shown that a number of endocytic ac-domains of CD8 fused to the LDL receptor tail. Strikingly,
cessory proteins, including epsin, Hip1p, Dab2, andthe rate and extent of EGFR and LDLR chimera internal-
ARH, can bind to plasma membrane lipids and toization were identical to those of the control cells, de-
clathrin, and they have proposed that these proteinsspite the dramatic decrease of clathrin-coated profiles
may, in fact, be cargo-selective clathrin adaptorsat the plasma membrane in AP-2-depleted cells. Impor-
(Mishra et al., 2001, 2002a, 2002b). In yeast, ubiquitintantly, knockdown of clathrin inhibited internalization of
appears to be the major endocytic signal, and there isboth receptors, demonstrating that they were indeed
some evidence that it is recognized by epsin orthologsinternalized by clathrin-dependent and AP-2-indepen-
Ent1p and Ent2p (Aguilar et al., 2003; Shih et al., 2002).dent pathways. Thus, AP-2 knockdown cells are capable
Because monoubiquitination of EGFR can provide signalof forming clathrin-coated pits that are competent for
for its internalization (Haglund et al., 2003), mammalianthe internalization of the EGFR and LDLR chimera, but
epsins may play a similar role.are defective for TfrR internalization. These results
Together, these reports further challenge the view thatclearly demonstrate a cargo-specific role for AP-2. Fur-
all cargo proteins are endocytosed by the same molecu-thermore, the fast rates of EGFR internalization are sug-
lar mechanism. As the identity of alternative adaptor(s)gestive of these receptors’ ability to find and/or promote
have yet to be defined, the challenges ahead are to
assembly of functional clathrin-coated vesicles. When
dissect the molecular mechanism(s) that govern inter-
Hinrichsen et al. used a high concentration of ligand to
nalization of different cargo proteins.
drive EGFR internalization through the slow clathrin-
independent pathways in cells depleted of clathrin, they
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Yamashita et al. determined that consistent spindleStem Cells in the News:
orientation is likely facilitated by the consistent position-CNN and APC Make Headlines ing of the centrosome; they observed that one centro-
some remains adjacent to the hub throughout the cell
cycle (Figure 1A). To address the role of centrosomes
in spindle orientation, they examined males mutant for
Stem cell self-renewal depends on their ability to di- the integral centrosomal component Centrosomin (Cnn).
vide asymmetrically, with one daughter retaining stem Cnn is essential for the formation of mitotic centro-
cell identity. This often involves precise orchestration somes. Surprisingly, cells and flies can live without Cnn;
of mitotic spindle orientation, but the machinery used mitotic spindles form, albeit without astral microtubules,
to ensure this outcome is understood in only a handful and spindles function adequately in their absence (Me-
of examples. In a recent issue of Science, Yamashita graw et al., 2001). Cnn is required for certain events,
et al. provide new insights into the factors that control however, such as the rapid divisions in the early Dro-
this process in the male germline of Drosophila, identi- sophila embryo (reviewed in Raff, 2001), where astral
fying roles for the centrosomal protein Centrosomin microtubules appear to prevent spindle collision. The
and tumor suppressor homologs of the APC family. viability of cnn null males permitted Yamashita et al. to
examine the male germline in the absence of functional
mitotic centrosomes. In cnn mutants, residual centro-Unlike most characters in the news, stem cells live up
to their hype. Stem cells share the remarkable ability somes (revealed by antibodies to -tubulin) remained
present during at least some portions of the cell cycle,to undergo long-term self-renewal while continuously
generating differentiating daughters, allowing for tissue but both centrosome association with the cortex and
the orientation of the spindle perpendicular to the hubmaintenance and repair. To do so, they must divide
asymmetrically, with one daughter retaining the stem were disrupted (Figure 1C). Any daughter continuing to
contact the hub retained stem cell character, so stemcell fate. Much of the hype surrounds stem cells in a dish,
but their secret lives within our bodies remain poorly cell numbers increased. Thus, spindle orientation may
depend on the association of astral microtubules withunderstood. Model organisms such as the fruit fly Dro-
sophila offer the opportunity to examine stem cell be- a site on the cell cortex near the hub.
Cortical marks have been identified in a number ofhavior in vivo and to identify molecular players required
for their unique functions. contexts, helping to define cellular polarity. The interface
between cells, and more specifically the adherens junc-The mechanisms by which asymmetric divisions are
controlled are known in only a handful of cases, with the tion, has been recently observed to act as a cortical
mark and to play a role in spindle orientation in bothbest-characterized stem cells those of the Drosophila
central and peripheral nervous systems. The new paper peripheral neurons (Le Borgne et al., 2002) and embry-
onic epithelial cells (Lu et al., 2001). The adherens junc-from Yamashita et al. provides another illuminating ex-
ample. The Fuller lab and others have focused on Dro- tion proteins E-cadherin and Armadillo (fly -catenin)
mediate epithelial cell-cell adhesion in many tissues,sophila spermatogenesis, making masterful use of for-
ward genetics to identify genes required for many and occasionally mediate adhesion between cells of
different types. Yamashita et al. observed that high lev-aspects of this process. Here they took an alternate
approach, using cell biological tools and reverse genet- els of E-cadherin and Armadillo accumulate at the hub-
stem cell interface (Figure 1B). Thus, the hub-to-stemics to examine stem cell asymmetric division.
Male germline stem cells form a rosette around a cell adherens junction might serve as a cortical mark
for orientation of the centrosome and spindle, but to dospecialized set of somatic cells known as the hub (Figure
1A). Using tubulin-GFP, they observed that stem cell so it would need a means of capturing astral microtu-
bules.mitosis is highly polarized, with the spindle oriented
perpendicular to the hub-stem cell interface. One The tumor suppressor homolog APC provided a po-
tential link. APC family members, best known as regula-daughter thus remains attached to the hub and retains
stem cell identity while the other initiates differentiation tors of Wnt signaling, also regulate the cytoskeleton
(reviewed in Bienz, 2002). Mammalian APC binds micro-as a gonialblast. These fate differences are likely due
to differing access to stem cell-promoting signals from tubules directly and indirectly and localizes to microtu-
bule plus ends at the cortex (Figure 1D; reviewed inthe hub (as discussed in Yamashita et al., 2003).
